Abstract. The exact dynamics of N two-level atoms coupled to a common electromagnetic bath and closely located inside a lossy cavity is reported. Stationary radiation trapping effects are found and very transparently interpreted in the context of our approach. We prove that initially injecting one excitation only in the N atoms-cavity system, loss mechanisms asymptotically drive the matter sample toward a long-lived collective subradiant Dicke state. The role played by the closeness of the N atoms with respect to such a cooperative behavior is brought to light and carefully discussed. 
Introduction
It is well known that entangled states of two or more particles give rise to quantum phenomena that cannot be ex- entangled states of bipartite or multipartite systems. To produce and to be able to modify at will the degree of entanglement stored in a system is indeed a desirable target to better capture fundamental aspects of the quantum world. Over the last decade, moreover, it has been recognized that the characteristic properties of the entangled states, both pure and mixed, can be usefully exploited as an effective resource in the context of quantum information and computation processing [1, 2, 3, 4] . Such a research realm has attracted much interest since it becomes clear 2 S. Nicolosi, A. Napoli, A. Messina: Loss induced collective subradiant Dicke behaviour in a multiatom sample that quantum computers are, at least in principle, able to solve very hard computational problems more efficiently than classical logic-based ones. However, the realization of quantum computation protocols suffers the difficulty of isolating a quantum mechanical system from its environment. Very recently, however, nearly decoherence-free quantum gates have been proposed by exploiting, rather than countering, the same dissipation mechanisms [5, 6, 7, 8, 9, 10, 11] . The main requirement to achieve this goal is the existence of a decoherence-free subspace for the system under consideration. In the same spirit it has been recognized that transient entanglement between distant atoms can be induced by atomic spontaneous decay [12] or by cavity losses [13] . In ref. [13] it has also been demonstrated that asymptotic entangled states of two closely separated two-level atoms in free space can be created as conseguence of the spontaneous emission process.
In this paper we present a new path along which loss mechanisms act constructively inducing a collective Dicke behavior in a multiatom sample. In refs. [14, 15] multistep schemes to generate a set of Dicke states of multi Λ-type three level atoms are reported. In these procedures the key point is the possibility of successfully incorporating the presence of cavity losses in the theory, neglecting on the contrary atomic spontaneous emission.
In order to reach our scope we consider a material system of N identical two-level atoms closely placed inside a resonant bad cavity taking also into account, from the very beginning, the coupling between each atom and the external world. Exactly solving the dynamics of the system under scrutiny, supposing that only one excitation has been initially injected in it, we show that the system of the N two-level atoms may be guided, with appreciable probability, toward a nontrivial stationary condition described as a Dicke state having the form | S, −S with S = N −2 2 , S being the total Pauli spin operator of the atomic sample.
The treatment followed in our paper enables to catch the physical origin of the stationary collective Dicke behavior of the system. In addition it has the virtue to provide a transparent way to understand the key role played by the loss mechanisms and by the closeness of the atoms in the phenomena brought to light.
The physical system and its exact dynamics
As prviously said, our system consists of N identical twolevel atoms closely located within a single-mode cavity.
Indicate the atomic frequency transition and the cavity mode frequency by ω 0 and ω respectively and suppose ω 0 ∼ ω. Assume, in addition, that all the conditions under which the interaction between each atom and the cavity field is well described by a Jaynes Cummings (JC) model, are satisfied [17] . Thus, the unitary time evolution of the system we are considering is governed by the following hamiltonian:
In eq. (1) α and α † denote the single-mode cavity field annihilation and creation operators respectively, whereas It is easy to demonstrate that the excitation number 
where
is the hamiltonian relative to the environment,
describes the interaction between the atomic sample and the bath and, finally,
represents the coupling between the environment and the cavity field. In eq. (3) we have assumed, as usual [16] , that the two subsystems, the N atoms and the single-mode cavity, see two different reservoirs. In eq. (3)- (5) The boson operators relative to the atomic bath are denoted by
hilation and creation operators respectively of the cavity environment. Moreover, the coupling constants s k,λ are phenomenological parameters whereas
stems from a dipole atom-field coupling [19] . In eq. (6) atom. Indicate now byd and r ij two unit vectors along the atomic transition dipole moment and the atomic distance
Following standard procedures based on the RotatingWave and Born-Markov approximations [20, 21] , it is possible to prove that the reduced density operator ρ AC relative to the bipartite system composed by the N atoms subsystem and the single-mode cavity, evolves nonunitarily in time in accordance with the following Lindbland master equation [22] :
We point out that both the two baths entering in our model are supposed in thermal states at T = 0.
The decay rate k appearing in eq. (10) is given by
Moreover in eq. (11) the N 2 coupling constants
related to the spontaneous emission loss channel, define the spectral correlation tensor Γ [20] .
In eq. (14) the function f ij is defined as follows
It is important to underline that the last term appearing in the right hand side of equation (11), is a direct consequence of the fact that we have considered, from the very beginning, a common bath for the N atoms. As we shall see, this term is responsible for cooperative effects among the N atoms leading to the possibility of generating asymptotic entangled states of the atomic sample, immune from decoherence. We wish to stress that it is the nearness of the atoms inside the cavity that imposes the consideration of a common bath. If, on the other hand, the distance In what follows we therefore assume that the atoms within the cavity are located at a distance smaller than the wavelength of the cavity mode, thus legitimating the henceforth done position ε (i) ≡ ε and g
k,λ ≡ g k,λ for any i. Under this hypothesis we solve eq. (7) exploiting the unitary operator
with δ i = − arctan(
). It is possible to prove that [U,N ] = 0 and
for i = 1, .., N . It is easy to demonstrate that, if no more than one excitation is initially stored in the atom-cavity physical system, exploiting eq. (18) yields
with ε ef f = √ N ε. Transforming in the N e = 0, 1 excitation subspace the operator variable ρ AC into the new onẽ ρ AC ≡ U † ρ AC U and taking into account that
where Ω = Ω ij , it is not difficult to convince oneself thaṫ
+ σ
(1)
in view of eq. (7), (16)- (20) . Comparing eq. (21) with eq. (7) shows that in the new representation the correspondent spectral correlation tensorΓ is in diagonal form, reasonable to think that the excitation given at t = 0 to the matter sample can be captured by i-th the atom or by j-th with the same probability. In other words our initial condition must be reasonably represented as statistical mixture of states |β h , with h ≥ 2, of the form
Exploiting eq. (18) it is possible to verify that After lengthly and tedious calculations and taking into account eqs. (22)- (23), we have exactly determined the time evolution of eachρ h,j (t) h, j = 1, .., N + 2 finding:
... . ...
i=2ρ i,i (t) and (27) with
and
We wish to emphasize that, on the basis of the block diagonal form exhibited byρ AC , at a generic time instant t, the transformed matter-radiation system is in a statistical mixture of its vacuum density matrix and of an one-excitation appropriate density matrix describing with certainty the storage of the initial energy. Eqs. (25) - (27), giving the explicit form of the time evolution of the combined physical system, allow the exact evaluation of the mean value of any physical observable of interest and, for instance, to follow the entanglement formation or the progressive raising up of decoherence effect in the mattercavity subsystem.
The asymptotic form ofρ AC
It is of particular relevance that for t ≫ (k+N Γ ) −1 ≡ τ AC the correspondent asymptotic form assumed byρ AC is time independent and such that the probability of finding energy in the effective JC subsystem exactly vanishes.
Taking into account the easily demonstrable inequality
AC , it is immediate to convince oneself that for t ≫ τ AC , the eq. (24) assumes the following diagonal asymptotic form 
Starting from eq. (30) and coming back to the old representation, it is possible to give at any time instant t the exact solution ρ AC for the reduced density matrix of the system under scrutiny. Taking into account that the unitary operator U is time independent, in view of eq. (30)
is time independent too. In fact we find that for t ≫ τ AC , the reduced density matrix can be written in the compact form
It is worth noting that each normalized state |ϕ 2 . This means that
and that each |ψ
defines an example of subradiand or trapped state [25, 26, 27, 28] . Thus the result expressed by eq. (32) suggests that a statistical mixture of stationary subradiant Dicke states of the atomic sample, having well defined values of S 2 and S z , can be generated, at least in principle, putting outside the cavity single photon detectors allowing us to continuously monitor the decay of the system through the two possible channels (atomic and cavity dissipation) [29] . Eq. (32), indeed, clearly shows that, reading out the detectors state att ≫ τ AC , if no photons has been emitted, then, as a consequence of this measurement outcome, our system is projected into the Let's finally observe that the probability P that at t =t the excitation is still contained in the atomic system increases with the number N of atoms, being P = 1 − 
Conclusive Remarks
Summing up, in this paper we have exactly solved the dynamics of N identical atoms resonantly interacting with a single mode cavity, taking into account from the very beginning the presence of both the resonator losses and the atomic spontaneous emission. We have moreover supposed that only one excitation is initially injected into the system of interest and that the atoms are located in such a way to experience the same cavity field. 
